SUMMARY With the current practice of measuring thresholds for warming and cooling separately, the question of the exact nature of afferents subserving these sensations assumes new importance.
There are now several methods for quantitating cutaneous thresholds for thermal sensations that have as their central working part Peltier thermoelectric modules.'-6 These modules are made up of series of bimetallic junctions mounted between two flat ceramic leaves and either surface may be made to heat or cool according to the Peltier principle. This principle states that when current is passed across a junction of two dissimilar metals which have special thermoelectric properties, cooling occurs on one side and warming on the other, depending on the polarity of the current. This property has meant that several of the thermal testing systems are able to test the threshold for warming and cooling separately3'6 and thus provide figures for the threshold of both modalities.
The capability of measuring the threshold for warming and cooling separately is very valuable, since it is held that the two modalities are conveyed by different peripheral nerve fibres: sensations of warming in unmyelinated peripheral nerve fibres and those of cooling in small myelinated fibres. Estimation of thresholds can therefore be used to examine the functional integrity of these fibres which are inaccessible to clinical electrophysiological investigations. Nerve conduction studies using surface recording electrodes examine only conduction in the largest myelinated fibres and even needle near nerve recording tech-niques cannot measure conduction velocities of less than 10 m/s.7 Examination of the composition of human nerve has shown that the largest myelinated fibres constitute a minority, between one third and one quarter of the total nerve fibres of peripheral nerve,89 and it could be argued that although methods of examination of nerve conduction using electrical stimuli are objective, they are a poor measure of total nerve function. (ii) Sensory experiences following local anaesthetic nerve blocks Many observations on the changes in sensation that occur following perineural injection of local anaesthetic agents, have been made. Although there is almost universal agreement that pain is lost whilst touch is intact, there is no consensus as to the order in which warming and cooling are lost. In 1929 Gasser and Erlanger27 reviewed the literature from 1886 to the time of their writing, and found three papers claiming cold is blocked before warmth and one that showed temperature sensations were lost before pain. Nathan32 reported the results of intrathecal analgesia on cutaneous sensibility and found that pain and warmth sensibility were usually lost at the same time and this before cold sensibility, although there were exceptions to this order. Fruhstorfer et al,33 carried out local anaesthetic nerve blocks with the expressed intention of examining the sensory afferents conveying the two types of thermal sensation. Ulnar nerve blocks were carried out with a local anaesthetic agent in 39 control subjects. In 22 subjects warm sensibility was blocked before cooling sensibility, in 10 the block was simultaneous but in seven cold sensibility was blocked before warm. The lack of a constant finding in such experiments may be accounted for by the many factors which affect the action of a local anaesthetic agent on a group of nerve fibres. These include several variables, such as the proximity of the anaesthetic injection, local blood flow conditions and the lipid solubility of the agent.31 All these factors will have influenced the precise state of chemical equilibrium of the agent in each experiment and so determined whether the small myelinated or unmyelinated fibres were most affected. (iii) Compression blocks In contrast to blocks produced by local anaesthetic, compression of peripheral nerve results in a clearly differentiated block, the large myelinated fibres being affected first.
Gasser and Erlanger27 describe how the alpha potential "seemed to melt away from the fluorescent figure of the action potential on the screen of the tube" with mechanical pressure. This was applied by a cuff directly on to the nerve between the stimulating and recording sites. At a late stage of the block the delta wave was "essentially intact" at a time when the alpha peak was completely lost. Torebjork and Hallin" using microneurographic recording techniques, found a highly selective effect on large myelinated fibres of direct pressure on the nerve.
Mackenzie et al" using a similar experimental arrangement, observed the effect of pressure on the recorded neurogram, and found an early and total loss of the A beta-gamma fibres at a time when C fibres were not affected. It was shown, with a single exception that, when cold perception was absent, A delta fibre potentials could no longer be seen in the averaged neurogram. At this stage warmth discrimination was somewhat impaired but still functional and a C fibre response could still be averaged. Thermal potentials have proved difficult to evoke, requiring very rapidly changing thermal stimuli, greatly in excess of threshold intensities. Because of the rapid heat transfer required, the equipment has been cumbersome and only a few stimuli given. 38 recorded the evoked response to cooling stimuli applied to the hand. A response was only obtained in 10 of 12 subjects with an onset between 70 and 300 ms. The peak latency was less variable occurring between 300 and 360 ms (table) . No response to warming could be obtained. Chatt and Kenshalo39 used warming stimuli at the same site as that used by Duclaux et al,38 but at greater intensity and higher starting temperature and recorded a response in three subjects. Jamal et al,40 used a rapid 21 Hz 8°C temperature change stimulus, for both warming and cooling, and applied this to the back of the hand and recorded from the contralateral cortex. The latency values obtained are most similar to those obtained by Chatt and Kenshalo. The authors emphasis that the response is highly dependent on the rate of temperature change and this fact may account of some of the variability in the latency of the responses.
The most interesting fact to emerge from this series of results is the consistent finding of a longer latency peak for warming than for cooling. This supports the view that the two modalities are conveyed by separate fibres with different conduction velocities. But since the absolute latency also includes the time taken for the utilisation of the stimulus, spinal conduction and conduction across an unknown number of synapses in the central nervous system, no further conclusion may be drawn. 4 Reaction time to thermal stimuli Reaction times to thermal stimuli have been studied by several different groups of workers4' 44 Some of these earlier reports suffer from the problem that the skin was touched by warm or cd probes and the subject asked to respond as soan as they felt a distinct Experiments with radiant warming42 avoided the problem of initial mechanical contact but no attempt was made to estimate conduction velocity, nor was it possible to examine the conduction velocity for cooling. Fruhstorfer et al,4 are the only group to have studied reaction times using a Peltier stimulator. In a series of experiments warm and cold stimuli were applied to the right upper lip, thenar eminence and medial side of right foot just below the ankle. The reaction times for cold stimuli were shown to be significantly shorter than those for warm stimuli and the warm-cold latency difference increased in proportion to the increase in afferent pathway distance. A conduction velocity was estimated by calculating liphand latency differences and dividing this into the figure measured for the difference between the liphand afferent pathway. Conduction velocities for cooling and warming of 4-5 m/s and 2-1 m/s respectively were obtained. Measurement of the afferent pathway in such an experimental arrangement poses some difficulty and the assumption that the central processing of stimuli from the face is the same as that of the hand must be open to some doubt. To lessen these problems we carried out a series of reaction time experiments in which thermal stimuli were applied at a proximal same limb. and distal sites on the Subjects and method Nine volunteers, three male and six female, between the ages of 23-52 years were studied. The subject sat at rest in a comfortable chair with the thermode attached in firm contact to the test site, first at the ankle and then at the thigh.
The equipment used was a modified arrangement (fig 1) of the thermal threshold measuring device described by Fowler et al.6 The thermode containing a thermoelectric Peltier module, was connected to the Thermode Control Unit, which contains a programmable power supply under the control of a small microcomputer Epson HX20. A program in BASIC produced randomly alternating warming or cooling pulses at irregular intervals. The output of the thermocouple in the thermode (usually connected to the microcomputer when the system is used to measure thresholds), was for these experiments connected to a paper chart recorder via the analogue output of a digital display thermometer. Without warning an abrupt cooling or warming stimulus was given and the subject was required to operate a thumb switch as soon as it had been perceived. The switch the subject operated was on the digital display thermometer, so that the temperature change of the thermode and the instant of the subject's response was recorded on paper (60 cm/minute) for later analysis. The rate of temperature change was set to the maximum power output of the ther- ankle and the thigh, are shown in (fig 2) cooling and (fig 3) warming. The x axis of each figure is the distance between stimuli sites which is related to leg length.
The main points are clear from these figures; the reaction time for cooling from the two sites are much closer together than are the values obtained for warming, and the absolute reaction times for stimulation at the proximal site are shorter for cooling than for warming.
Using the mean reaction time for each subject at each site, a conduction time was obtained and the conduction velocity estimated by dividing the conduction distance between stimulation sites by the conduction time. Figure 4 shows the values obtained in nine subjects for estimated conduction velocity for each thermal modality. In all cases the conduction of warming was slower than that of cooling. Subtraction of reaction times to stimuli at separated sites offers a simple and non-invasive method for estimating conduction velocity. The use of this arithmetical procedure eliminates all unmeasurable variables so that only the time taken for the sensation to traverse the measured distance is considered. The validity of this method rests on two assumptions, first, that the central nervous system processing time for each stimulus site is the same and secondly that the speed of response by the receptors at the two sites is the same. The possibility that the central processing time of two stimuli applied on the same limb is more similar than it would be were the stimuli to be applied to different limbs, seems likely, but cannot be proved. The density of receptors at the ankle and the thigh is almost certainly different, but this probably affects the threshold value rather than speed of reaction.
The figures obtained in this experimental arrangement are entirely consistent with unmyelinated fibre conduction velocity for warming and small myelinated fibre conduction of cooling. Thermal thresholds should therefore be regarded as valuable measures of function of these peripheral nerve populations.
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